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(57) in a method of and apparatus for continuously 
controlling a quantity of air drawn into an internal com- 
bustion engine by varying operating characteristics of 
an intake valve, a control unit uses avaive !ift included 
in a range wherein the quantity of air is determined only 
by a valve lift and a working angle of the intake valve, 
in a very low load operating range containing during 
idling. In contrast, in operating ranges except the very 
low load operating range, the control unit uses a valve 
lift included in a range wherein the quantity of air is de- 
termined by the valve lift and the working angle of the 
intake valve, and a phase of a central angle of the work- 
ing angle of the intake valve. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a method of 
and apparatus for controlling a quantity of air drawn into 
engine cylinders, and particularly to technologies for 
controlling a quantity of air entering engine cylinders by 
variably adjusting operating characteristics of an intake 
valve. 

BACKGROUND ART 

[0002] On gasoline engines, an amount of air drawn 
into the engine is generally controlled by adjusting a 
throttle opening of a throttle vaive disposed in an air in- 
take passage of an induction system. In this type of 
gasoline engine, there is a great pumping loss under low 
load conditions wherein the throttle vaive is kept at a 
less throttle opening. In recent years, there have been 
proposed and developed various engines employing a 
variable valve actuation system such as a variabfe valve 
timing and lift control system, a variable vaive event and 
iift control system, and the like. On such variable vaive 
actuation system equipped engines, an intake air quan- 
tity is controlled by variably adjusting an engine valve 
timing, in particular an intake valve closure timing (IVC) 
and/or a valve lift of the intake valve, instead of using 
throttle opening adjustment. One such variable valve 
actuation system equipped interna! combustion engine 
has been disclosed in Japanese Patent Provisional 
Publication No. 11-117777 (hereinafter is referred to as 
"JP1 1-1 17777" and corresponding to U.S. Pat. No. 
6,039,026 issued March 21 , 2000). In the variable valve 
actuation system equipped engine as disclosed in 
JP1 1-11 7777, intake and exhaust valves are construct- 
ed by electromagneticaliy-controlled engine valves. 
Taking into account a less pumping Soss : during low and 
mid engine load operations, an intake air quantity is con- 
trolled by variably controiiing a valve closure timing of 
the eiectromagneticalfy-controlied intake vaive or a lift 
of the intake valve, while the throttle opening is adjusted 
to a predetermined value corresponding to a substan- 
tially full-throttle position. In contrast, at idling or during 
excessively iow load operations and at high load oper- 
ations, the intake air quantity is controlled by way of 
throttle opening adjustment. 

SUMMARY OF THE INVENTION 

[0003] The intake air quantity control based on varia- 
ble vaive timing control (in particular, variable intake 
valve closure timing control) has the following draw- 
back. According to the IVC control, the intake valve clo- 
sure timing has to be advanced gradually from a B.D.C. 
position (bottom dead center) as the engine bad de- 
creases. Therefore, during excessively low load opera- 
tions such as at idling, there is an increased tendency 



for the IVC to be controlled to a timing point closer to a 
T.D.C position (top dead center). In other words, the in- 
take valve tends to close at a timing that the reciprocat- 
ing piston does not yet move down sufficiently. This re- 
5 duces an effective compression ratio, in such a case, 
adequate pressure and temperature cannot be obtained 
at the BDC on compression stroke, and thereby com- 
bustion is deteriorated. 

[0004] In contrast to the above, when controlling the 

io intake air quantity only by way of valve-lift control in- 
stead of using the IVC control, the intake valve itself acts 
as a flow constricting orifice or a throttling orifice. There- 
fore, in case of only the valve-lift control, it is impossible 
to satisfactorily reduce the pumping loss. 

15 [0005] Accordingly, it is an object of the invention to 
provide a method of and apparatus for controlling a 
quantity of air drawn into an internal combustion engine, 
which avoids the aforementioned disadvantages. 
[0006] It is another object of the invention to provide 

20 a method of and apparatus for controlling an intake air 
quantity, which is capable of realizing intake air quantity 
control independent of throttle opening control , while ad- 
equateiy reducing a pumping loss by simultaneously 
varying both an intake valve closure timing and a work- 

25 ing angle of the intake valve, and of avoiding combustion 
from being deteriorated during very iow load operation 
such as at idling. 

[0007] It is a further object of the invention to provide 
a method of and apparatus for controlling an intake air 

30 quantity, which is capable of realizing stable intake air 
quantity control at very low load operation for a long term 
without being affected by any deposits that have formed 
on the vaive face or valve edge of the intake vaive. 
[0008] in orderto accomplish the aforementioned and 

35 other objects of the present invention, a method of con- 
tinuously controlling a quantity of air drawn into an in- 
ternal combustion engine by varying operating charac- 
teristics of an intake valve, the method comprises using 
a valve iift included in a range wherein the quantity of 

40 air is determined only by a vaive iift and a working angle 
of the intake valve, in a very low load operating range 
containing during idling, and using a vaive lift included 
in a range wherein the quantity of air is determined by 
the vaive lift and the working angle of the intake valve, 

45 and a phase of a central angle of the working angle of 
the intake valve, in operating ranges except the very low 
load operating range. 

[0009] According to another aspect of the invention, 
an apparatus for continuously controlling a quantity of 

50 air drawn into an internal combustion engine by varying 
operating characteristics of an intake vaive, the appara- 
tus comprises a first variable mechanism that continu- 
ously varies both a valve lift and a working angle of the 
intake valve, a second variable mechanism that varies 

55 a phase of a central angle of the working angle of the 
intake valve, a control unit configured to be electronical- 
ly connected to the first and second variable mecha- 
nisms for variably controlling the quantity of air drawn 
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into the engine, the control unit using a valve iift included 
in a range wherein the quantity of air is determined only 
by the valve lift and the working angle of the intake valve, 
in a very low load operating range containing during 
idling, and the control unit using a valve iift included in 
a range wherein the quantity of air is determined by the 
vaive lift and the working angle of the intake valve, and 
the phase of the central angle, in operating ranges ex- 
cept the very low load operating range. 
[OQrIO] The other objects and features of this invention 
will become understood from the following description 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a perspective view illustrating a variable 
vaive actuation system incorporated in an intake air 
quantity control system of one embodiment. 
Fig. 2 is a characteristic map showing both a valve 
lift control area and a valve timing control area. 
Fig. 3 is an explanatory view showing valve operat- 
ing characteristics under various engine/vehicle op- 
erating conditions. 

Fig. 4 is an enlarged view illustrating an essential 
part of the intake vaive and valve seat. 
Fig. 5 is an explanatory view showing a specified 
condition that a fluid passage area defined between 
a valve seating face of the intake valve and a valve- 
seat face corresponds to a minimum fluid passage 
area in comparison with a fluid passage area at any 
other section. 

Fig. 6 is a longitudinal cross section showing a tap- 
pet equipped with a built-in valve clearance adjust- 
er. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Referring now to the drawings, particularly to 
Fig. 1 , the method of and apparatus for controlling an 
intake air quantity is exemplified in a spark-ignited gaso- 
line engine for an automotive vehicle. Fig. 4 shows the 
variable vaive actuation system incorporated in the in- 
take air quantity control system of the embodiment. The 
variable valve actuation system has a mechanical vatve 
actuation mechanism that an intake valve 11 is driven 
in synchronization with rotation of an engine crankshaft. 
The variable vaive actuation system has two different 
control mechanisms, namely a variable lift and working- 
angle control mechanism 1 and a variable phase control 
mechanism 21 combined with each other. Variable lift 
and working-angle control mechanism 1 functions to 
change (increase or decrease) both a valve lift and a 
working angle6 of intake valve 1 1 . depending on engine/ 
vehicle operating conditions. Variable phase control 
mechanism 21 functions to change (advance or retard) 



the angular phase at the maximum valve lift point (at the 
central angle c|> of the working angle). 
[0013] The fundamental structure of variable lift and 
working-angle control mechanism 1 is hereunder de- 
s scribed briefly in reference to Fig. 1 . 

[0014] Variable lift and working-angle control mecha- 
nism 1 is comprised of a drive shaft 2 rotatably support- 
ed by a cam bracket (not shown) located on the upper 
portion of a cylinder head (not shown), a first eccentric 

10 cam 3 fixedly connected to drive shaft 2 byway of press- 
fitting, a control shaft 1 2 which is rotatably supported by 
the same cam bracket above the drive shaft and ar- 
ranged parallel to the drive shaft and has a second ec- 
centric cam 1 8, a rocker arm 6 oscillatingly or rockabty 

1$ supported on second eccentric cam 18, and a rockable 
cam 9 which is in abutted-engagement with a tappet 1 0 
attached to the upper portion of the vaive stem of intake 
valve 1 1 , First eccentric cam 3 and rocker arm 6 are me- 
chanically linked to each other through a link arm 4 that 

20 rotates relative to first eccentric cam 3. On the other 
hand, rocker arm 6 and rockabie cam 9 are linked to 
each other through a link member 8, so that the oscil- 
lating motion of rocker arm 61s produced by link arm 4. 
Drive shaft 2 is driven by the engine crankshaft via a 

25 timing chain or a timing belt. First eccentric cam 3 is cy- 
lindrical in shape. Thecentrai axis of the cylindrical outer 
peripheral surface of first eccentric cam 3 is eccentric to 
the axis of drive shaft 2 by a predetermined eccentricity. 
A substantially annular portion of link arm 4 is rotatably 

30 fitted onto the cylindrical outer peripheral surface of first 
eccentric cam 3. Rocker arm 6 is oscillatingly supported 
at its substantially central portion by second eccentric 
cam 18 of control shaft 12. A protruded portion of link 
arm 4 is linked to one end of rocker arm 10 by means 

35 of a connecting pin 5. The upper end of link member 8 
is linked to the other end of rocker arm 6 by means of a 
connecting pin 7. The axis of second eccentric cam 18 
is eccentric to the axis of control shaft 12, and thus the 
center of oscillating motion of rocker arm 6 can be varied 

40 by changing the angular position of control shaft 12. 
Rockable cam 9 is rotatably fitted onto the outer periph- 
ery of drive shaft 2. One end of rockabie cam 9 is linked 
to link member 8 by means of a connecting pin 1 7. Rock- 
abie cam 9 is formed on its lower surface with a base- 

45 circle surface portion being concentric to drive shaft 2 
and a moderateiy-curved cam surface portion being 
continuous with the base-circle surface portion and ex- 
tending toward the one end portion of rockable cam 9. 
The base-circle surface portion and the cam surface 

50 portion of rockable cam 9 are designed to be brought 
into abutted-contact (sliding-contact) with a designated 
point or a designated position of the upper surface of 
the associated intake-valve tappet 1 0, depending on an 
angular position of rockable cam 9 oscillating. That is, 

55 the base-circle surface portion functions as a base-cir- 
cle section within which a valve lift is zero. A predeter- 
mined angular range of the cam surface portion being 
continuous with the base-circle surface portion func- 



3 



BNSDOCID: <EP 1 234958A2X> 



5 



EP 1 234 958 A2 



6 



tions as a ramp section. A predetermined angular range 
of a cam nose portion of the cam surface portion being 
continuous with the ramp section functions as a lift sec- 
tion. Returning again to Fig. 1 , control shaft 12 of vari- 
able lift and working-angle control mechanism 1 is driv- s 
err within a predetermi ned angular range by means of a 
lift and working-angie control actuator 13. In the shown 
embodiment, iift and working-angie control actuator 13 
is comprised of a geared motor composed of a worm 1 5 
plus worm wheel, and a servo motor having a driving 10 
connection with control shaft 12. The servomotor is con- 
trolled in response to a control signal from an electronic 
engine control unit (ECU) 19. Instead of using such a 
servomotor-driven actuator, a hydraulic actuator may be 
used as lift and working-angle control actuator 13. In this 15 
case, a controlled pressure applied to the hydraulic ac- 
tuator is regulated by way of a hydraulic control module 
that is responsive to a control signal from ECU 1 9. Ac- 
tuator 13 is designed so that the angular position of the 
output shaft of actuator 13 is forced toward and held at 20 
an initial anguiarposition by a return spring with actuator 
13 de-activated. In a state that actuator 1 3 is kept at the 
initial angular position, the intake valve is operated with 
the valve iift reduced and the working angle reduced. 
The angular position of control shaft 12 is detected by 25 
a control-shaft sensor 1 4. Variable lift and working-angle 
control mechanism 1 operates as follows . 
[0015] During rotation of drive shaft 2, link arm 4 
moves up and down by virtue -of cam action of first ec- 
centric cam 3. The up-and-down motion of link arm 4 30 
causes oscillating motion of rocker arm 6. The oscillat- 
ing motion of rocker arm 6 is transmitted via link member 
8 to rockable cam 9, and thus rockable cam 9 oscillates. 
By virtue of cam action of rockable cam 9 oscillating, 
intake-valve tappet 10 is pushed and therefore intake 35 
vaive 11 lifts, if the angular position of control shaft 12 
is varied by actuator 1 3, an initial position of rocker arm 
6 varies and as a result an initial position (or a starting 
point) of the oscillating motion of rockable cam 9. As- 
suming that the angular position of second eccentric 40 
cam 18 is shifted from a first angular position that the 
axis of second eccentric cam 18 is located just under 
the axis of control shaft 1 2 to a second angular position 
that the axis of second eccentric cam 1 8 is located just 
above the axis of control shaft 1 2, as a whole rocker arm 45 
6 shifts upwards. As a resuit, the one end portion of rock- 
able cam 9 is relatively pulled upwards. That is, the initial 
position (the starting point) of rockabie cam 9 is shifted 
so that the rockabie cam itself is inclined in a direction 
that the cam surface portion of rockable cam 9 moves so 
apart from intake-valve tappet 10. With rocker arm 6 
shifted upwards, when rockabie cam 9 oscillates during 
rotation of drive shaft 2, the base-circle surface portion 
is held in contact with intake-valve tappet 1 0 for a com- 
paratively long time period. In other words, atime period 55 
within which the cam surface portion is held in contact 
with intake-valve tappet 10 becomes short. As a conse- 
quence , a vaive lift becomes small. 



Additionally a lifted period (i.e., a working angle 6) from 
an intake-valve open timing (IVO) to an intake-valve clo- 
sure timing (IVC) becomes reduced. 
[0016] Conversely when the angular position of sec- 
ond eccentric cam 1 8 is shifted from the second angular 
position that the axis of second eccentric cam 18 is lo- 
cated just above the axis of control shaft 12 to the first 
angular position that the axis of second eccentric cam 
1 8 is located just under the axis of control shaft 1 2, as 
a whole rocker arm 6 shifts downwards. As a result, the 
one end portion of rockable cam 9 is relatively pushed 
down. That is, the initial position (the starting point) of 
rockabie cam 9 is shifted so that the rockable cam itself 
is inclined in a direction that the cam surface portion of 
rockable cam 9 moves towards intake-valve tappet 10, 
With rocker arm 6 shifted downwards, when rockable 
cam 9 oscillates during rotation of drive shaft 2, a portion 
that is brought into contact with intake-valve tappet 10 
is somewhat shifted from the base-circle su rf ace portion 
to the cam surface portion. As a consequence, a valve 
lift becomes large. Additionally, a lifted period (i.e., a 
working angle 0) from intake-valve open timing IVO to 
intake-valve closure timing IVC becomes extended. The 
anguiarposition of second eccentric cam 18 can be con- 
tinuously varied within limits by means of actuator 13, 
and thus valve operating characteristics (vaive lift and 
working angle) also vary continuously (see Fig. 3). As 
can be seen from the valve operating characteristics of 
Fig. 3, variable lift and working-angle control mecha- 
nism 1 can scale up and down both the valve Sift and the 
working angle continuously simultaneously. The varia- 
ble lift and working-angle control mechanism 1 incorpo- 
rated in the intake air quantity controi system of the em- 
bodiment, in accordance with a change in valve lift and 
a change in working angle 6, intake-valve open timing 
IVO and intake-valve closure timing IVC vary symmet- 
rically with each other. Details of such a variable lift and 
working-angie control mechanism being set forth, for ex- 
ample, in U.S. Pat. No. 5,988,125 (corresponding to 
Japanese Patent Provisional Publication No. 
11-107725) issued November 23, 1999 to Seinosuke 
HARA et al., the teachings of which are hereby incorpo- 
rated by reference, 

[0017] Returning to Fig. 1, variable phase control 
mechanism 21 is comprised of a sprocket 22 and a 
phase control actuator 23. Sprocket 22 is provided at 
the front end of drive shaft 2. Phase control actuator 23 
is provided to enable drive shaft 2 to rotate relative to 
sprocket 22 within a predetermined angular range. 
Sprocket 22 has a driven connection with the engine 
crankshaft through a timing chain (not shown) or a tim- 
ing belt (not shown), in the shown embodiment, phase 
control actuator 23 is comprised of an eiectromagneti- 
caliy-controtled actuator that is controlled in response 
to a control signal from ECU 1 9. In lieu thereof, actuator 
23 may be comprised of a hydraulic actuator, in this 
case, a controlled pressure applied to the hydraulic ac- 
tuator is regulated byway of a hydrauiic control moduie : 
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which is responsive to a control signal from ECU 1 9. The 
relative rotation of drive shaft 2 to sprocket 22 in one 
rotational direction results in a phase advance at the 
maximum intake-valve lift point (at the central angle cj>). 
The relative rotation of drive shaft 2 to sprocket 22 in 5 
Ihe opposite rotational direction results in a phase retard 
at the maximum intake-valve lift point. That is, only the 
phase of working angle (i.e., the angular phase at cen- 
tral angle (j>) is advanced or retarded, with no valve-lift 
change and no working-angle change. The relative an- 10 
gular position of drive shaft 2 to sprocket 22 can be con- 
tinuously varied within limits by means of actuator 23, 
and thus the angular phase at central angle <j> also vary 
continuously. The control state of variable phase control 
mechanism 21 is monitored or detected by a drive-shaft is 
sensor 1 6 that is located near the rear end of drive shaft 
2 and senses or detects changes in angular phase of 
drive shaft 2, As discussed above, in the shown embod- 
iment, for variable lift and working-angie control and var- 
iable phase control, the first sensor (control-shaft sensor 20 
14) that detects a valve lift and working angle e and the 
second sensor (drive-shaft sensor 16) that detects an 
anguiar phase at central angle c|) are added and variable 
lift and working-angle control mechanism 1 and variable 
phase control mechanism 21 are feedback-controlled 25 
respectively based on signals from the first and second 
sensors at a "closed-loop" mode. Instead thereof, vari- 
able lift and working-angle control mechanism 1 and 
variable phase control mechanism 21 may be merely 
feedforward-controlled depending on engine/vehicle 30 
operating conditions at an "open-loop" mode. 
[001 8] Referring now to Fig. 6, there is shown the de- 
tailed structure of tappet 10 used within the variable 
valve actuation system of the intake air quantity control 
system of embodiment. As clearly shown in Fig. 6, tap- 35 
pet 1 0 has a built-in, hydraulic valve clearance adjuster. 
The hydraulic valve clearance adjuster of tappet 10 is 
comprised of a substantially cylindrical body 31 , a plung- 
er 32 disposed in cylindrical body 31 , a substantially cy- 
lindrical plunger seat 33, a hydraulic pressure chamber 40 
34 defined between plunger 32 and plunger seat 33, a 
check ball 36, and a return spring 37. Body 31 is siidabiy 
supported in thecylinder head. Plunger 32 is in abutted- 
engagement with the valve stem of intake valve 11. 
Check ball 36 is spring-loaded to close a central com- 45 
munication hole 35 bored in the central portion of plung- 
er seat 33. As set forth above, the structure of the valve 
clearance adjuster equipped tappet 10 is somewhat 
similar to a conventional hydraulic valve lifter. Lubricat- 
ing oil is introduced into hydraulic pressure chamber 34 so 
by virtue of the bias of return spring 37, while the intake 
valve 1 1 is seated on the valve seat. Therefore, the valve 
clearance is constantly maintained at zero. 
[0019] In the intake air quantity control system of the 
embodiment employing the previously-discussed varia- 5 $ 
ble valve actuation system at the intake valve side, it is 
possible to properly control the amount of air drawn into 
the engine by variably adjusting the valve operating 



characteristics for intake valve 1 1 , independent of throt- 
tle opening control. Practically, it is preferable that a 
slight vacuum exists in an induction system for the pur- 
pose of recirculation of blow-by fumes, Forthis reason, 
instead of using a throttle valve, it is desirable to provide 
a throttling mechanism or a flow-constricting mecha- 
nism upstream of an air intake passage of the induction 
system to create a vacuum. 

[0020] Details of the variable intake air quantity con- 
trol executed by the system of the embodiment, utilizing 
the variable lift and working-angle control and the vari- 
able phase control are hereunder described in reference 
to Figs. 2 and 3. 

[0021] Referring now to Fig. 2, there is shown telecon- 
trol characteristic map showing how the valve iift control 
area and the valve timing control area have to be varied 
relative to engine speed and engine load. Of various en- 
gine/vehicle operating conditions, that is, during idling 
© (containing during very low load and middle or high 
speed operations), during low load operation® (con- 
taining during idling with engine accessories actuated), 
during middle load operation (3) , during high load low 
speed operation® , during high load middle speed op- 
eration® , and during high load and high speed oper- 
ation® , the operating conditions© ,©,©,©, and 
@ are included in the valve timing control area. On the 
other hand, the operating condition© is included in the 
valve lift controf area. Within the valve iift control area , 
that is, during idling© (containing during very low load 
and middle or high speed operations) ; the intake air 
quantity is controlled, aiming mainly at the valve lift con- 
trol for intake valve 11.. In contrast, within the valve tim- 
ing control area, that is, under the operating conditions 
© , ® , ® , © , and © , the intake air quantity is con- 
trolled, aiming mainly at the valve timing control, in par- 
ticular the IVC control. 

[0022] Referring now to Fig. .3, there is shown the 
valve operating characteristics (a iift and a working an- 
gle G, and a phase of working angle, i.e., an angular 
phase at a central angle 6) under various engine/vehicle 
operating conditions © , © , ® , @ , © , and ® . As 
can be appreciated from the valve operating character- 
istics of Fig. 3, at idling (containing during very low load 
and middle or high speed operations)© , the valve lift 
of intake valve 1 1 is adjusted or controlled to such a very 
small lift amount that the intake air quantity is unaffected 
by a change in the angular phase at central angle <j>. The 
working angle 6 is also adjusted to a very small working 
angle. On the other hand, the phase of central angle cj> 
is kept at a maximum phase-retarded timing value, and 
thus the intake valve closure timing IVC is adjusted to a 
given timing value just before BDC. Owing to the use of 
the very small valve lift at idling (containing during very 
low load and middle or high speed operations)© , in- 
take air flow is suitably throttled or choked by way of a 
slight aperture defined between the valve seating face 
of intake valve 11 and the valve-seat face. This ensures 
a stable very small intake-air flow rate required in the 
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very low load operating range© . Additionally, the IVC 
is adjusted to the given timing value just before BDC, 
and therefore an effective compression ratio (generally 
defined as a ratio of the effective cylinder volume corre- 
sponding to the maximum working medium volume to 
the effective clearance volume corresponding to the 
minimum working medium volume) becomes a suffi- 
ciently high value. 

[0023] In the low load operating range© containing 
during idling with engine accessories actuated, the 
valve lift and working angle G are adjusted to greater 
values than those used under the very low operating 
range© . On the other hand, the phase of central angle 
cj) is somewhat advanced as compared to the very low 
operating range© . That is, in the low load operating 
range© . the intake air quantity control is performed by 
way of the variable phase control combined with the var- 
iable lift and working-angle control. By phase-advancing 
the IVC ? the intake air quantity can be controlled to a 
comparatively small quantity, As a result of this, the 
valve lift and working angle Q of intake valve 11 are 
somewhat increased, thus reducing the pumping toss. 
[0024] As discussed above, there is a less change in 
the intake air quantity occurring owing to a phase 
change in central angle c|> in the very low load operating 
range© , such as at idling. Thus, when switching from 
the very low load range© to low load range© , it is 
necessary to execute the variable lift and working-angle 
control (enlargement of the valve lift and working angle 
G) rather than the variable phase control. In the same 
manner, during idling with engine accessories actuated, 
for example with an air-conditioning compressor activat- 
ed, the variable lift and working-angle control takes pri- 
ority over the variable phase control. 
[0025] In the middle load operating range© , that the 
engine load further increases and combustion is more 
stable than the low load operating range© , the valve 
lift and working angle G are adjusted to greater values 
than those used under the low operating range© . On 
the other hand, the phase of central angle $ is further 
advanced as compared to the low operating range© . 
At a certain engine load within the middle load operating 
range© , a maximum phase-advanced timing value for 
the phase of central angietj) can be obtained. This allows 
a morecomplete utilization of internal EGR (exhaust gas 
or combustion gas recirculated from the exhaust port 
through the engine cylinder back to the intake port side). 
Therefore, it is possible to more effectively reduce the 
pumping loss. 

[0026] In the high load operating range, that is s under 
high load low speed operation® , under high load mid- 
dle speed operation © , and under high load and high 
speed operation © , the valve lift and working angle G 
are adjusted to greater values than those used under 
the middle operating range© . Additionally in order to 
attain a suitable intake valve timing, variable phase con- 
trol mechanism 21 is controlled. As clearly shown in Fig. 
3, the valve lift and working angle are further increased 



or enlarged from high load low speed operating range 
@ , via high load middle speed operating range© , to 
high load and high speed operating range© , On the 
other hand, the phase of central angle § is adjusted to 

5 the maximum phase-retarded timing value or a phase- 
advanced timing value, depending upon the throttle 
opening or the accelerator opening. 
[0027] As set out above, according to the intake air 
quantity control of the embodiment, in very low load op- 

10 erating range© such as at idling,* as the valve lift con- 
trol area, the stable very small air flow rate control is 
achieved mainly by way of the valve lift control for intake 
valve 1 1 . Engine loads that are on a border between the 
valve lift control area and the valve timing control area, 

15 in other words, a switching point between very low load 
operating range© and low load operating range© 
can be varied or compensated for depending on a state 
of combustion of the engine, that is, a combustion sta- 
bility. To realize more simple control procedures, the 

20 switching point between very low load operating range 
© and low load operating range© may be varied or 
compensated for depending on engine temperature de- 
tected, such as engine coolant temperature or engine 
oil temperature. Such compensation for the switching 

25 point between very low load operating range© and low 
load operating range© enables the valve timing control 
area to enlarge without deteriorating the combustion 
stability of the engine, thereby ensuring the reduced 
pumping loss. 

30 [0028] Referring now to Figs. 4 and 5, there is shown 
the less-deposits valve and valve-seat layout used in 
the variable valve actuation system of the intake air 
quantity control system of the embodiment. As can be 
seen from the enlarged view of Fig. 4, a valve seat 41 

35 is formed as a ring-shaped surface in the cylinder head. 
Intake valve 11 has a tapered valve seating face (or a 
seal face) 42, which comes to rest against the valve seat 
41 . in more detail, valve seat 41 has a tapered valve- 
seat face 43. To provide a tight valve seating and a tight 

40 sea! for prevention of any leakage of the air/fuel mixture 
or burned gases, seal face 42 of intake valve 11 and 
valve-seat face 43 are designed to fit close together 
properly. When intake valve 1 1 closes, seal face 42 and 
valve-seat face 43 are brought into closely abutted-en~ 

45 gagement with each other. Therefore, it is difficult to 
form deposits on these faces 42 and 43. During opera- 
tion, owing to frictional contact between seal face 42 and 
valve-seat face 43, it is possible to maintain a good di- 
mensional accuracy of each of the tapered faces 42 and 

50 43 . and therefore seal face 42 and valve-seat face 43 
tend to be easily automatically maintained as almost the 
same tapered surface. Forthis reason, during operation 
with the very small valve lift of intake valve 1 1 in the very 
low load operating range© such as during idling, it is 

55 preferable to set or determine the valve and valve-seat 
layout so that a fluid passage area defined between seal 
face 42 of intake valve 1 1 and valve-seat face 43 is a 
minimum fluid passage area less than a fluid passage 
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area at any other section in the air intake passage. Fig. 
5 shows the concrete specified condition that the fluid 
passage area defined between tapered faces 42 and 43 
corresponds to the minimum fluid passage area. That 
is, if an angle e i between valve-seat face 43 and a line 
segment M between and including an inner edge 42a of 
seal face 42 and an outer edge 43a of valve-seal face 
43 is within a predetermined angular range of 90 de- 
grees or less, the fluid passage area defined between 
tapered faces 42 and 43 corresponds to the minimum 
fluid passage area. In other words, if the valve lift further 
increases from the valve-lift range within which the pre- 
viousiy-noted angle G 1 between valve-seat face 43 and 
line segment M is within the predetermined angular 
range of 90 degrees or less, the minimum fluid passage 
area occurs at any other section except the section be- 
tween tapered faces 42 and 43. In this case, in particular 
during the very low load operation, there is a possibility 
that the accuracy for intake air quantity control is affect- 
ed by deposits formed on the tapered faces. As set forth 
above, seal face 42 and vaive-seat face 43 are main- 
tained for a long term as high-precision tapered faces . 
Thus , during the very low load operation it is possible 
to accurately produce a stable very small intake-air flow 
rate depending on the magnitude of valve lift by bringing 
the minimum fluid passage area between seal face 42 
and valve-seat face 43 during the very small valve-lift 
operating mode such as during idling, 
[0029] As can be seen in Fig. 1 , in the shown embod- 
iment two intake valves (11, 11) are provided for each 
engine cylinder. In this case, there is a difficulty in pro- 
ducing a stable very small intake-airflow rate by accu- 
rately managing both a valve lift of one of two intake 
valves and a valve lift of the other intake valve. For this 
reason, in the very low load operating range such as at 
idling, a valve lift of. one of two intake valves contained 
in the same engine cylinder is fixed to a predetermined 
value substantially corresponding to a zero lift. Prefera- 
bly, a required intake air quantity is attained by way of 
variable valve lift control for only the other intake valve. 
This method is superior in quality control. 
[0030] Moreover, in the variable valve actuation sys- 
tem shown in Fig. 1 , the ramp section of rockable cam 
9 is formed as a constant-velocity ramp, thus producing 
a substantially constant ramp velocity regardless of the 
magnitudes of valve lift and working angle. Therefore, 
in the very low load range, in other words, during the 
very small valve-lift operating mode, it is possible to ex- 
ecute the improved intake air quantity control that en- 
sures a stable very small intake-air flow rate. 
[0031] The entire contents of Japanese Patent Appli- 
cation No. P2001-51422 (filed February 27, 2001 ) is in- 
corporated herein by reference. 

[0032] While the foregoing is a description of the pre- 
ferred embodiments carried out the invention, it will be 
understood that the invention is not limited to the partic- 
ular embodiments shown and described herein, butthat 
various changes and modifications may be made with- 



out departing from the scope or spirit of this invention 
as defined by the following claims. 



Claims 

1. A method of continuously controlling a quantity of 
air drawn into an internal combustion engine by var- 
ying operating characteristics of an intake valve 
(11), the method comprising: 

using a valve lift included in a range wherein 
the quantity of air is determined only by a valve 
lift and a working angle (8) of the intake valve 
(11), in a very low load operating range (Q) ) 
containing during idling; and 
using a valve lift included in a range wherein 
the quantity of air is determined by the valve lift 
and the working angle (0) of the intake valve 
(11), and a phase of a central angle (<j>) of the 
working angle (G) of the intake valve (11), in op- 
erating ranges (® ,© ,@ ,© ,® ) except the 
very low load operating range © ). 



25 2. The method as claimed in claim 1 , wherein: 



the phase of the central angle (§) used in the 
very low load operating range (© ) is set to be 
closer to a bottom dead center on intake stroke 
as compared to the phase of the central angle 
(<|>) used in a low load operating range (© ) ad- 
jacent to the very iow load operating range 
((D)- 



10* 



15 



20 



30 



35 3. The method as claimed in claim 2, wherein: 

an engine load that is on a border between the 
very low load operating range (0 ) and the low 
load operating range (© ) is varied depending 
40 on a state of combustion of the engine. 

4. The method as claimed in claim 2, wherein: 



45 



50 



55 



an engine load that is on a border between the 
very low load operating range (© ) and the iow 
load operating range (© ) is varied depending 
on an engine temperature. 

5. The method as claimed in claim 1 , further compris- 
ing: 

using a valve lift included in a range wherein a 
fluid passage area defined between a seal face 
(42) of the intake valve (11) and a valve-seat 
face (43) is less than a fluid passage area at 
any other section in an air intake passage, in 
the very low load operating range (3) ).. 



7 



BNSDOCi D: <EP 



1234958A2_.i„> 



13 



EP 1 234 958 A2 



14 



6. The method as claimed in claim 1, wherein: 

the engine has a valve actuation mechanism 
that the intake valve (1 1 ) is mechanically driven 
in synchronization with rotation of a crankshaft 
of the engine; and 

the valve actuation mechanism has a valve 
clearance adjuster (31 ; 32, 33, 34 : 35, 36, 37) 
that constantly maintains a valve clearance at 
a zero clearance. 



the control unit uses a valve lift included in a 
range wherein an angle (9-j) between a valve- 
seat face (43) and a line segment (M) between 
and including an inner edge (42a) of a seal face 
(42) of the intake valve (11 ) and an outer edge 
(43a) of the valve-seat face (43) is within a pre- 
determined angular range of 90 degrees, or 
less, in the very low load operating range (0 ). 



7. The method as claimed in claim 6, wherein: 



the valve actuation mechanism comprises a 
first variable mechanism (1) that continuously 
varies both the valve lift and the working angle 
(G) of the intake valve (11), and a second vari- 
able mechanism (21) that varies the phase of 
the central angle (4>). 

8. An apparatus for continuously controlling a quantity 
of air drawn into an internal combustion engine by 
varying operating characteristics of an intake valve 
(11), the apparatus comprising: 

a first variable mechanism (1 ) that continuously 
varies both a valve iift and a working angle (0) 
of the intake valve (11); 

a second variable mechanism (21) that varies 
a phase of a central angle (q>) of the working 
angle (6) of the intake valve (11); 
a control unit (1 9) configured to be electronical- 
ly connected to the first and second variable 
mechanisms (1 , 21 ) for variably controlling the 
quantity of air drawn into the engine; 
the control unit (19) using a valve iift included 
in a range wherein the quantity of air is deter- 
mined only by the valve lift and the working an- 
gle (6) of the intake valve (11), in a very low load 
operating range (3) ) containing during idling; 
and 

the control unit (19) using a valve lift included 
in a range wherein the quantity of air is deter- 
mined by the valve iift and the working angle 
(A) of the intake valve (11), and the phase of the 
central angie (c|>), in operating ranges (© . ® . 
@ ,® ,® ) except the very low load operating 
range CD ). 



15 



20 



25 



30 



45 



9. The apparatus as claimed in claim 8, wherein: 

an engine load that is on a border between the 
very low load operating range (0 ) and the low 
load operating range (® ) is varied depending 
on either of a state of combustion of the engine 
and an engine temperature, 



50 



55 



10. The apparatus as claimed in claim 9, wherein: 
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